. Assignment list of d<pTCGTTTCGTT> at pH 5.1, T=5ºC (25 mM phosphate buffer, 100 mM NaCl) Table S2 : Assignment list of d(TCGTTCGT) at pH 5, T=5ºC (25 mM phosphate buffer, 100 mM NaCl, 15 mM MgCl 2 ) Table S3 . Experimental constraints and calculation statistics for d<pTCGTTTCGTT>. Figure S1 . Schematic representation of G-tetrad (A), hemiprotonated C:C + base pair (B), and major and minor groove G:T:G:T tetrads (C and D, respectively) . Figure S2 . NMR spectra of d<pTCGTTTCGTT> in H 2 O/D 2 O 9:1 at T = 5 ºC in 25 mM phosphate buffer, pH 7, 100mM NaCl. Top: low concentration (80 µM); Bottom: high concentration (800 µM). Figure S3 . Top: NMR spectra of d<pTCGTTTCGTT> at different temperatures and 80 µM oligonucleotide concentration. Bottom: NMR spectra of d(TCGTTTCGT) at different temperatures and 0.5 mM, 0.1 mM and 0.01 mM oligonucleotide concentration. All spectra are in H 2 O/D 2 O 9:1, 25 mM phosphate buffer, 100 mM NaCl, pH 5.0. Figure S5 . Exchangeable protons region of the NOESY spectrum (t m =250 ms) of d(TCGTTTCGT) in H 2 O/D 2 O 9:1 in 25 mM phosphate buffer, pH 5, T=5ºC, 100 mM NaCl, 0.5 mM oligonucleotide concentration and schematic representations of proposed head-to-head and head-to-tail dimeric structures. Figure S6 . Exchangeable protons region of the NOESY spectrum (t m =200 ms) of d(TCGTTCGT) in H 2 O/D 2 O 9:1 in 25 mM phosphate buffer, pH 5, T=5ºC, 100 mM NaCl, 10 mM MgCl 2 , 0.66 mM oligonucleotide concentration, and a schematic representation of the proposed head-to-head dimeric structure. Figure S7 . Non-exchangeable protons region of the NOESY spectra of d(TCGTTCGT) (t m =200 ms) (Left) and d(TCGTTTCGT) (t m =250 ms) (Right) in H 2 O/D 2 O 9:1 in 25 mM phosphate buffer, pH 5, T=5ºC, 100 mM NaCl. Same oligonucleotide concentrations as in S5 and S6. Figure S8 . Proton connectivity map of d<pTCGTTTCGTT>. Figure S9 . Cytosine H6-H5 cross-peaks region of the TOCSY spectra of d(TCGTTTCGT) at different temperatures (25 mM phosphate buffer, pH 5, 100 mM NaCl, 0.5 oligonucleotide concentration). Figure S10 . NMR spectra of d<pTGCTTTGCTT> in H 2 O/D 2 O 9:1 in 25 mM phosphate buffer, 100 mM NaCl T= 5ºC. Top) pH 7.0 Bottom) pH 4.0, 0.5 mM oligonucleotide concentration. Figure S11 . Duplex competition experiments. NMR spectra of: (A) d(TCGTTTCGT) at pH 4.5, T=5ºC (100 µM oligonucleotide concentration, 25 mM phosphate buffer, 100 mM NaCl); (B) Complementary strand d(AGCAAAGCA) at pH 4.5, T=5ºC (100 µM oligonucleotide concentration, 25 mM phosphate buffer, 100 mM NaCl); (C, D and E) Equimolar mixture of d(TCGTTTCGT) and d(AGCAAAGCA), T=5ºC, 100 µM oligonucleotide concentration, 25 mM phosphate buffer, 100 mM NaCl at pH 7, 5 and 4.5, respectively. Figure S1 . Schematic representation of G-tetrad (A), hemiprotonated C:C + base pair (B) and major and minor groove G:T:G:T tetrads (C and D, respectively). Figure S4B ). The samples were prepared at 80 µM concentration and were incubated overnight at 4ºC in TBE Buffer pH 8.3, 25 mM NaPi and 100 mM NaCl ( Figure S4A ) or in 40 mM Robinson-Britton Buffer pH 4 and 100 mM NaCl ( Figure S4B ). Gels were loaded after 1h preruning time and electrophoresis was performed at 10V/cm ( Figure 4SA ) or 8.5V/cm ( Figure 4SB ) for 90 and 180 min, respectively, at 4ºC. Gels were viewed after staining with Stains-All dye (Sigma E-9379).
SUPPLEMENTARY TABLES
Results d(TCGTTTCGT) (lane 2) exhibits a larger mobility than TBA (a monomeric 15mer quadruplex) (lane 6) at pH 8.3, but their mobility is more similar at pH 4. This is consistent with monomeric and dimeric species of d(TCGTTTCGT) at pH 8.3 ant 4, respectively. d(TCCGTTTCCGT) (lane 5) is a variation of d(TCGTTTCGT) with two additional cytosines and exhibits a similar behaviour. This oligonucleotide most probably forms a dimeric i-motif with four hemiprotonated C:C + , and it has been included in this experiment as an additional control. d(AGCAAAGCA) (lane 3) presents very different mobility at different pHs. At neutral pH is monomeric and most probably unstructured, but it forms some higher order structure at acidic pH (maybe tetrameric). The equimolar mix of d(TCGTTTCGT) and d(AGCAAAGCA) (lane 4) exhibits a single spot at pH 8 (a single duplex structure). However, two species are clearly observed at pH 4, consistent with the dimeric i-motif described in this manuscript, and a higher order structure adopted by d(AGCAAAGCA). Figure S5 . Exchangeable protons region of the NOESY spectrum (t m = 300 ms) of d(TCGTTTCGT) in H 2 O/D 2 O 9:1 in 25 mM phosphate buffer, pH 5, T=5ºC, 100 mM NaCl, 0.5 mM oligonucleotide concentration and schematic representations of proposed head-to-head and head-to-tail dimeric structures. Signals corresponding to the head to head orientation are labelled in blue and the signals corresponding to the head to tail dimer are labeled in black.
Thymine residues are highly overlapped as only six Me-H6 cross-peaks can be distinguished in the TOCSY spectra (not shown). Only those thymine residues that show stacking interactions or are involved in the G:T:G:T tetrads can be identified and labeled according to their contacts with guanine and cytosine residues. Four spin systems corresponding to cytosines are clearly observed, both in the exchangeable and non exchangeable proton region ( Figures S7 and S9 ). These residues exhibit imino-amino proton cross-peaks in the characteristic region of hemiprotonated C:C + base pairs (labeled Ca,Cb,Cc and Cd in the Figure) . Two of these C:C + base pairs are formed by equivalent cytosines (Ca and Cd, head to head orientation) and one of them is formed by two different cytosines (Cb and Cc, head to tail orientation). Four spin systems correspond to guanines and show cross-peaks that reveal their implication in minor groove G:T:G:T tetrads (H1-H3 imino-imino proton cross-peaks between guanine and thymine residues and guanine amino-H1' contacts through the minor groove). Based on guanine amino-H1' cross-peaks, two of the G:T:G:T tetrads are formed by two equivalent guanines (head to head orientation) and one of the tetrads is formed by two non equivalent guanines (head to tail orientation). Figure S6 . Exchangeable protons region of the NOESY spectrum (t m = 200 ms) of d(TCGTTCGT) in H 2 O/D 2 O 9:1 in 25 mM phosphate buffer, pH 5, T=5ºC, 100 mM NaCl, 15 mM MgCl 2 , 0.66 mM oligonucleotide concentration, and schematic representation of the proposed head-to-head dimeric structure (green coloured) and the alternative not observed head-to-tail structure. According to the observed H3-H41/H42/H5 crosspeaks, the most stable hemiprotonated C:C + base pair is the one formed between equivalent cytosine residues. This rules out the head-to-tail orientation, since the H3 proton of protonated cytosine would show cross-peaks with the amino protons of a non equivalent base-paired cytosine (C6 and C10). 
